1. Introduction
===============

Pain is the most common clinical symptom in burn patients, which is especially more intense and unbearable in wound dressing.^\[[@R1]\]^ Pain not only affects the prognosis and outcome of patients, but triggers psychological and social distress, including depression, anorexia, insomnia, and post-traumatic stress disorder.^\[[@R2]--[@R4]\]^ In addition, repeated pain procedures often create anticipatory anxiety in burn patients.^\[[@R5]\]^ Anxiety induced by a painful experience with a poor dressing change can lead to bad compliance with rehabilitation, increased pain, and a loss of trust in the burn team.^\[[@R6]\]^ If left untreated, anxiety can also escalate into fear, insomnia, depression, and helplessness, which may cause patients to be psychologically unable to cope with their disease.^\[[@R7]\]^ Therefore, exploration of safe and effective analgesic and anxiolytic drugs is the goal of burn care.

Opioids are still the main treatment for moderate and severe burn pain. However, opioids can cause a multitude of side effects with a high incidence, such as constipation, itching, nausea, respiratory depression, and so on.^\[[@R8]\]^ The incidence of side effects of opioids can be as high as 76% to 92% in patients with acute pain.^\[[@R9]\]^ Nonsteroidal anti-inflammatory drugs (NSAIDs)are widely used analgesics. They are weak when used alone, but have synergistic effects with opioids.^\[[@R10]\]^ Side effects, particularly gastrointestinal bleeding, may limit its use in severely burned patients.^\[[@R11]\]^

The use of opioids, NSAIDs to control pain and anxiety in China is not extensive due to lack of clinical awareness.^\[[@R2]\]^ Patients often are not treated effectively because physicians in China are worried about the possible complications.^\[[@R12]\]^ Nitrous oxide (N~2~O), a colorless, slightly fragrant inhalation anesthetic may be more appropriate than the aforementioned drugs for acute burn pain in China due to its safety, and rapid analgesic and anxiolytic action.

The blood gas distribution coefficient of N~2~O is 0.47, which is extremely stable in the blood without combination with any substances. N~2~O quickly diffuses through the alveolar-capillary membrane and acts within 30 to 40 seconds after inhalation.^\[[@R13]\]^ The analgesic effect peaks in 5 minutes. Transient breathing cessation eliminates 99% of the N~2~O from the alveoli, and patients fully recover after administration of 100% pure oxygen for about 5 minutes.^\[[@R13]\]^ Nitrous oxide is not metabolized via liver, and 99% is expelled via lungs, and 0.004% through gastrointestinal tract.^\[[@R13]\]^ Two major types of established N~2~O analgesia are available. The first type involves 50% N~2~O (Entonox) inhalation, which is used to induce painless labor or abortion,^\[[@R14],[@R15]\]^ endoscopy,^\[[@R16]\]^ and in the emergency department.^\[[@R17]\]^ Rapid inhalation alleviates pain and anxiety promptly. However, this approach may increase discomfort in adult patients, and the probability of adverse reactions such as nausea and vomiting.^\[[@R13]\]^ The second type of analgesia entails N~2~O titration, which slowly increases the dosage from 0% to 70% to determine the appropriate dose. It provides individualized treatment of patients using the minimum effective dose, without excessive sedation. The treatment is mainly used in dental procedures.^\[[@R18],[@R19]\]^

Evidence suggests that N~2~O ameliorated burn pain and anxiety in pediatric population^\[[@R20]--[@R22]\]^ in contrast to conflicting findings in the adult population. Yuxiang L found that 50% N~2~O has a positive effect on dressing pain relief.^\[[@R12]\]^ However, do Vale et al^\[[@R23]\]^ reported that the use of 65% N~2~O resulted in no additional benefit. Moreover, a British survey of nurses in 11 countries showed that pain sensation in wound treatment is not constant, and the most acute pain is felt during removal of the dressings, followed by debridement.^\[[@R24]\]^ Due to the biological differences between individuals, the concentration of N~2~O required may vary in patients at different stages of dressing. Therefore, we hypothesized that N~2~O titration is more appropriate than administering fixed N~2~O concentration during burn dressing. However, studies investigating this approach in adult burn patients are limited.

This study compared the analgesic and anxiolytic effects of 50% N~2~O and N~2~O titration, to explore the efficacy and provide a rationale for the development of a model of N~2~O analgesia during burn dressing in stable patients.

2. Methods
==========

2.1. Patients
-------------

In this single-blind prospective randomized controlled trial approved by the Fujian Medical University Union Hospital Ethics Committee (2015 ky018) and Chinese Clinical Trial Registration (ChiCTR-IPR-15006507), the subjects included hospitalized burn patients at the Burn Center of Fujian province between May 2015 and January 2016. Informed consent was obtained from all individual participants included in the study.

The inclusion criteria were: 18 to 65 years of age; NRS ≥4 during the last dressing change; burn wounds not affecting ECG monitoring; absence of burn surgery; lack of formal psychotic history, and barrier-free communication.

The exclusion criteria were: pregnancy, intestinal obstruction, air embolism, epilepsy, pneumothorax, obstructive respiratory system disease, and acute upper respiratory tract infection; ENT diseases, drug dependence, pulmonary fibrosis; exposure to opiates within 6 hours or chronically; unstable vital signs; and psychological and emotional instability.

Based on the 2 independent sample *t* test sample sizes, a significance level of 5%, and power of 90%, the dropout rate was set at 20%. According to the preliminary experimental results involving 5 cases in each group, pain was 2.42 ± 1.31 in the experimental group and 3.58 ± 1.42 in the control group during the removal of intimal dressing. A minimum of 70 patients were needed. Finally, 107 patients were recruited for the study, and 70 patients met the eligibility criteria. Following baseline evaluation in the hospital, patients were randomized by an independent researcher using an Excel-generated randomization table with 35 patients in each group. Group assignment was concealed using opaque envelopes, which were opened after the completion of the baseline assessment. In the experimental group, a patient with SpO~2~ \< 90% underwent skin graft. In the control group, 2 patients were delirious and one of them was treated with additional analgesia, and excluded from the study.

A total of 65 patients finally completed the study including 33 in the test group and 32 in the control group (Fig. [1](#F1){ref-type="fig"}).

![Flow chart outlining randomization of the study.](medi-98-e18188-g001){#F1}

2.2. Procedure
--------------

An effective N~2~O analgesia system (MC-AII5000C, Ambulanc, Shenzhen, China), which delivers a continuous flow of 0 to 70% was used for the intervention. Patients were covered with a mask and trained in deep breathing as well as administered 100% O~2~ for 2 minutes before dressing change. Subsequently, patients in the control group (C group) inhaled 50% N~2~O starting from 2 minutes before dressing change until the end. Patients in the experimental group (E group) inhaled 30% N~2~O initially, and the N~2~O concentration was increased from 5% to 10% every 1 to 2 minutes until patients were sedated completely. The concentration of N~2~O was adjusted by nurses based on physician recommendations to ensure optimal sedation according to the patients' facial expression and body language. Patients' minute ventilation remained unchanged during the procedure. Minute ventilation of patients was calculated by multiplying the tidal volume with respiratory rate. The tidal volume was determined as kg × (7 ∼ 10 mL/kg).

2.3. Measurements
-----------------

A Numerical Rating Scale (NRS) (0--10) and Visual Analog Scale for Anxiety (VASA) were used to assess pain and anxiety, respectively, with zero indicating painless or anxiety-free condition, and 10 suggesting the worst possible pain or anxiety. The 2 scales are widely used in clinical and research studies, with high reliability and validity.^\[[@R25],[@R26]\]^ We also used an ECG monitor (BeneView t6, Mindray, Shenzhen, China) to assess the vital signs. We also monitored adverse reactions of patients and inhalation of the highest concentration of N~2~O in the experimental group.

2.4. Outcomes
-------------

Our primary goal was to characterize and compare the pain and anxiety of patients during the T0-T6 using 50% N~2~O and N~2~O titration. The secondary outcomes included description and analysis of the highest concentration of N~2~O inhaled in the experimental group, and the vital signs and adverse reactions among the 2 groups during T0-T6.

2.5. Experimental protocol
--------------------------

Patients admitted to the hospital were randomized into groups blindly, following signed informed consent and completion of a general information questionnaire. Intervention was implemented once during days 2 to 7 of wound treatment. The whole process of dressing treatment and N~2~O analgesia was conducted by 2 doctors and 2 nurses with at least 5 years of related work experience, and who were trained in the theory and practice of N~2~O analgesia. Pain, anxiety, vital signs, side effects, and the highest concentration of N~2~O were recorded at 1 minute before N~2~O inhalation (T0); following removal of the outer dressing (T1); removal of the inner dressing (T2); debridement (T3); medication (T4); bandage (T5); and 10 minutes after dressing change (T6) by 2 other trained nurses who were nonparticipants. Doctors and nurses providing the study interventions and outcome assessors were not be blinded in this study, but they did not know the research hypothesis. According to the different dressing lengths, the measurement frequency during T1 to T5 was set to 2 to 5 minutes after each step. The final values of each step were expressed as mean ("value summation of each step\" / "measuring frequency\").

2.6. Statistical analysis
-------------------------

Data input was analyzed using Epidata3.0 software. SPSS19.0 was used for statistical analysis. Data analysis was done by a statistician who was blinded for the randomization allocation. Statistical significance was considered at an alpha value of 0.05 and *P* \< 0.05 using a 2-tailed test. Normally distributed data were expressed as means ± SD. Otherwise, they were described using median (interquartile range \[IQR\]). Materials were described in medians and quartiles. Qualitative data were expressed as frequencies (percentages). Descriptive statistics, independent sample *t* test and *χ*^2^ test, Fisher exact probability method, or nonparametric tests were used to compare the general information and pain, anxiety and vital signs at T0 in both the groups. Repetitive measurement and analysis of variance (RMANOVA), and generalized estimating equations (GEEs) were used to test the interaction of intervention measures and time. RMANOVA or Wilcoxon (W) test was used to analyze data in pairs of groups. Multivariate analysis of variance (MANOVA) and Mann-Whitney *U* test were used to compare data in pairs between the two groups. *χ*^2^ was used to compare the side effects. Both primary and secondary outcomes were analyzed in each study protocol.

3. Results
==========

3.1. Population demographics
----------------------------

Subjects' age ranged from 18 to 65 years. Males accounted for 78.5% (treatment group: 84.8%, control group: 71.9%). A majority of the subjects were married (E group: 84.8%, C group: 71.9%). The education level of the 2 groups was mostly below senior middle school (E group: 75.8%; C group: 68.8%). Professionals included mainly workers and farmers (E group: 57.6%; C group: 56.3%). Patients were mostly residents in the countryside (E group: 75.8%; C group: 75.8%). Flame burns accounted for the majority of cases (E group: 69.7%; C group: 65.6%). The total burn area of the experimental group was 34.3 ± 21.5 cm^2^, compared with the control group (33.2 ± 18.7) cm^2^. Burn depth was a priority with second- and third-degree cases (E group: 84.8%; C group: 90.6%). The dressing time was within 20 minutes. No statistical significance was found in age, sex, marital status, education, occupation, income, residence, provider payments, burn area and depth, preliminary treatment time, dressing time or weight between the experimental (E), and control (C) groups (*P* \> .05), as shown in Table [1](#T1){ref-type="table"}.

###### 

Demographics of the 2 groups.
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3.2. Highest concentration of N~2~O in the experimental group
-------------------------------------------------------------

The N~2~O titration concentration in the experimental group ranged from 30% to 70% during T1 to T5: mainly 50% to 65% in T1 (90.9%), 60% to 70% in T2 (87.9%), T3 (87.9%), T4 (81.8%), and 40% to 60% in T5 (72.7%), as shown in Table [2](#T2){ref-type="table"}.

###### 

Highest concentration of N~2~O in the E group n (%).
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3.3. Pain/anxiety
-----------------

The median pain scores (NRS) were \<3 in the 2 groups at T0. The anxiety scores (mean ± SD) were 4.70 ± 1.07 in the E group and 5.31 ± 1.51 in the C group at T0. The differences in pain and anxiety between the 2 groups at T0 were not statistically significant (*Z* = −4.771, *P* = .685; F = 3.596, *P* = .063).

The median pain scores of the 2 groups increased initially followed by a decline during T0 toT6. The worst pain occurred at T2 (removal of the inner dressing), which scored 3 in the E group and 4 in the C group. The pain scores of the E group were significantly lower than in the C group at T1∼T6. Pain at T2 was higher than at T0 in the E group, and pain at T1∼T4 was higher than at T0 in the C group (*Z* = −4.771∼3.767, *P* \< .001).

The mean anxiety scores of the 2 groups declined significantly each time after dressing change compared with the scores before dressing (*P* \< .01). The anxiety scores of E group were significantly lower than in C group at T1∼T5 (Table [3](#T3){ref-type="table"}).

###### 

Comparison of pain/anxiety score between and in the 2 groups (x ± s)/M (Q~1~, Q~3~).
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3.4. Vital signs
----------------

Except T2, systolic blood pressure (SBP) was not significantly different between the 2 groups at other times (*P* \> .05). Furthermore, no statistically significant differences were found in the heart rate (HR), diastolic blood pressure, respiration, and blood oxygen saturation (SpO~2~) between the 2 groups at T0-T6 (Table [4](#T4){ref-type="table"}).

###### 

Comparison of vital signs between and in the 2 groups (x ± s)/ M (Q~1~, Q~3~).
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3.5. Side effects
-----------------

Two patients (6.1%) in the experimental group exhibited dizziness and nausea, respectively. A total of 3 patients (9.4%) showed adverse effects in the control group, including dizziness, nausea, and abnormal excitement, respectively. The differences between the 2 groups were not statistically significant (*P* \> .05) (Table [5](#T5){ref-type="table"}).

###### 

Comparison of side effects between the 2 groups.
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4. Discussion
=============

Dressing change is an indispensable and crucial step to stabilize the microenvironment and accelerate wound healing. However, pain during the dressing change not only directly affects the treatment, but also results in shock, affects wound rehabilitation and the quality of life.^\[[@R4]\]^ Furthermore, 58.2% to71.78% of the burns occur in rural China, and the primary hospital often serves as the first treatment center.^\[[@R27],[@R28]\]^ Based on China\'s rural conditions with inadequate medical facilities and poor technological advances, along with the limitations of pain management, N~2~O undoubtedly is a safe, simple, and effective analgesia for burn patients.

Burn patients experience severe procedural pain, which is assessed by NRS without analgesia.^\[[@R1]\]^ However, our study found that pain ranged from mild to moderate during burn dressing change under the 2 types of N~2~O analgesia. The results are consistent with Powers et al^\[[@R29]\]^ who reported 61 debridement involving 46 burn patients, and found that N~2~O analgesia greatly reduced the amount of morphine consumption by patients. Our study found that the analgesic effect of N~2~O titration was better than that of 50% N~2~O because pain scores in the experimental group were lower than in the control group at T2-T6. The results may be attributed to the higher concentrations of N~2~O in the titration group at different time points especially at T2 (removal of the inner dressing) and T3 (debridement). It has been reported that 30% of N~2~O induced analgesia with 15 mg morphine administered subcutaneously.^\[[@R30]\]^ Therefore, every 10% of N~2~O is equivalent to the effect of 5 mg morphine administered subcutaneously. As shown in Table [2](#T2){ref-type="table"}, 87.9% of patients inhaled the highest concentration of \>50% up to 70% in T2 and T3 of the experimental group, which is equivalent to injection of more than 5 to 10 mg of morphine compared with the control group.

Interestingly, Liyuxiang et al^\[[@R12]\]^ conducted a double-blind randomized study showing that the pain scores by VAS during the burn dressing change were only 1.65 ± 1.34 versus 9.39 ± 0.74 during inhalation of 50% N~2~O in the experimental group and oxygen in the control group suggesting that the analgesic effect of 50% N~2~O was superior to the that of N~2~O titration found in our study. The pain scores in Liyuxiang\'s study represented the average scores during the entire dressing. Our study, by contrast, measured the pain at every step of the dressing. Therefore, we found that although 50% N~2~O was effective, the analgesic effect was not adequate during the removal of the inner dressing, debridement, and drug-smearing steps.

Pain is a complex sensation combined with sense and mood, resulting in individual variation in psychological and emotional responses. Anxiety is the most prominent and common psychological stress reaction in acute pain.^\[[@R31]\]^ Patients who need repeated wound management exhibit excessive anxiety due to painful dressing changes and risk of infection.^\[[@R32]\]^ Anxiety in turn reduces the pain threshold and increases the sensitivity to pain, leading to a vicious cycle of pain-anxiety-worse pain, which ultimately affects the condition itself.^\[[@R33]\]^ Therefore, accurate evaluation of anxiety in burn patients is necessary for effective analgesia.

Results showed that moderate anxiety in the 2 groups before dressing was consistent with the results reported by Tan et al.^\[[@R34]\]^ Physicians focus on the treatment of anxiety and pain together.^\[[@R35]\]^ N~2~O is a sedative and anxiolytic. Zacny et al^\[[@R36]\]^ showed that dental patients with high, moderate, or low anxiety showed significant enhancement in mood following N~2~O titration. A double-blind clinical trial of Manouchehrian and Bakhshaei^\[[@R37]\]^ showed that 50% N~2~O significantly decreased anxiety during parturition under spinal anesthesia in a cesarean section. This study also concluded that titration or 50% N~2~O effectively relieved anxiety, although the anxiolytic effect of titration was better than that of 50% N~2~O. This finding may be attributed to the larger reduction of pain and the high concentrations of laughing gas in the titration group. Starting from T1, the concentration of laughing gas, which was \>50% increased in the experimental group, resulted in a stronger anti-anxiety effect.^\[[@R38]\]^

Severe acute pain stimulated the sympathetic nerve, promoted blood catecholamine levels and increased the angiotensin II secretion, triggering a series of organ- and tissue-specific reactions, such as accelerated HR, elevation of blood pressure, tachypnea, and increased oxygen consumption.^\[[@R39]\]^ Therefore, in addition to the direct evaluation, vital signs are recognized as indirect indicators of pain for the evaluation of treatment safety. N~2~O is nonirritating and does not increase airway secretions. It has almost no effect on breathing and patients exhibit a self-preservation reflex during N~2~O inhalation. Under conditions lacking oxygen, N~2~O has almost no effect on heart or blood vessels.^\[[@R40]\]^ Our study suggests that blood pressure, breathing, and HR varied smoothly between the 2 groups, and SpO~2~ showed almost no variation in the 2 groups, indicating safety. The SBP of the trial group in T2 was lower than in the control group. The HR of the control group at T2 and T3 exceeded 100 times/min, and was higher than in the experimental group. The differences were clinically significant. The findings suggest that N~2~O titration analgesia was better than 50% N~2~O.

The incidence of adverse reactions, which included dizziness, nausea, and excitation in the 2 groups, was lower than 10%, and consistent with previous studies. Onody et al^\[[@R41]\]^ showed that 50%N~2~O was most likely associated with mild side-effects including dizziness, nausea, and excitement, which ranged from 4% to 8%. The study of Zier et al^\[[@R42]\]^ found that adverse reactions or complications in patients who inhaled N~2~O ≤50% and \>50% accounted for 1.9% and 3.5%, respectively. Most other studies showed that exposure to 50% N~2~O or N~2~O titration resulted in side effects up to 18%.^\[[@R43]--[@R45]\]^

4.1. Study limitations
----------------------

The small sample size, focusing only on stable patients and single-center study, might introduce a selective bias. Multicenter and randomized controlled studies with large samples are needed.

It is a single-blind study, and the intervenors and investigators were not blinded to the study groups during dressing change and data collection, which may introduce subjective bias. Therefore, double-blind trials are needed.

This study lacked a blank control, and therefore, only indirectly evaluated the baseline analgesic effect of the 2 modes of nitrous oxide analgesia compared with other studies.

This study only conducted analgesic interventions with research subjects. The end point of observation was only 10 minutes after dressing. Therefore, the overall effects and adverse reactions subsequently or after repeated use of N~2~O were unknown. Additional follow-up studies are needed to explore the long-term role of nitrous oxide in burn patients.

5. Conclusions
==============

In summary, N~2~O titration is a more appropriate intervention as analgesia during burn dressing compared with 50% N~2~O exposure. However the role of N~2~O sedation and analgesia in burn medicine in China is still at the initial stage. Further analysis of the analgesic effects in different populations (children, adults, and elderly) is needed. Appropriate protective measures (occupational exposure, treatment of exhaust air, among others) and professional operating procedures and guidelines are imperative. Relevant training in titration technology, technical expertise, and evidence-based medicine remains to be developed and improved.
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